Chronic nasal congestion often persists in children despite empirical treatment using intranasal corticosteroids, systemic antihistamines, and/or leukotriene receptor antagonists. Symptoms are often reported even with negative results of skin or blood allergy testing. Inferior turbinoplasty has been effective in adults and children, but outfracture of inferior turbinates in children is rarely reported, as is use of validated quality-of-life measures to quantify improvements after intervention. Effective use of these 2 procedures for treating chronic nasal congestion may reduce the need for medication and improve sinonasal quality of life.
C hronic nasal congestion is a common pediatric symptom that prompts visits to otolaryngologists. Most primary care physicians empirically prescribe medication typically used to treat allergic rhinitis for children with nasal congestion. 1 Daily medications generally include intranasal corticosteroids (INS), 1 or more systemic antihistamines, and leukotriene receptor antagonists. Patients may or may not have been evaluated by allergy or pulmonology subspecialists for atopy or asthma, and they report persistent symptoms and dissatisfactory nasal airway condition despite months and even years of use of daily medications. 1 Approximately 10% to 20% of the US pediatric population is affected by allergic rhinitis, and 17% of the population reports symptoms lasting more than 31 days. 2 Initial treatment consists of lifestyle modifications, including avoidance of identifiable triggers, such as exposure to nicotine and smoke and dust mites from carpeting, stuffed animals, and bedding. 2 Symptoms of chronic nasal congestion persist despite negative results on the appropriate allergy workup for allergic rhinitis, including IgE blood testing and skin testing for allergies to common aeroallergens. Nasal obstruction and congestion decrease quality of life, can reduce concentration or attention span, affect quality of sleep, and cause obstructive sleep apnea or sleep-disordered breathing. 2 Sleep disturbance and sleep-disordered breathing can contribute to behavioral challenges and decreased school performance for school-aged children.
Inferior turbinates are the largest of the 3 pairs of turbinates; the head of the inferior turbinate takes up the greatest crosssectional area, which determines nasal resistance during inspiration. Excessive and persistent inferior turbinate hypertrophy may represent a pathologic condition not caused by atopy in the normal nasal cycle. During the normal nasal cycle, each turbinate alternates being engorged in its mucosa such that total resistance of the nasal airway may be higher than normal, resulting in airflow through only 1 naris. 3 Inferior turbinates consist of bone, capacitance tissue, submucosal glandular lamina propria, and respiratory epithelium. 4 Inferior turbinate mucosa may become engorged and hypertrophic owing to allergic rhinitis, vasomotor rhinitis, viral upper respiratory tract infections, hormonal influences, crying, and other causes. 5 When the inferior turbinate mucosa is engorged bilaterally or unilaterally, decreased airflow results in subjective experience of nasal obstruction and a "stuffed" or "blocked" nose as reported by children and perceived by parents or caretakers. Inferior turbinoplasty (IT) can reduce the volume of the vascular stromal tissue of the inferior turbinate, which can increase the cross-sectional area of the anterior nasal passage for airflow, leading to increased nasal patency. The outfracture of inferior turbinates involves fracturing the laterally based bony attachment such that the body of the inferior turbinate is positioned more laterally, creating greater space for laminar airflow between the medial aspect of the inferior turbinate to the septum. There are studies reporting the effectiveness of IT procedures in children, but, to our knowledge, there are no published outcomes for outfracture of inferior turbinates in children for chronic nasal congestion. Arganbright et al 6 reported their 10-year review on the safety and efficacy of IT in 1770 children regardless of techniques, with 63 parents completing follow-up telephone surveys. Langille and El-Hakim 1 reported in 2011 that IT in children was safe and improved quality of life when performed with or without adenoidectomy.
To demonstrate the applicability of a proven safe procedure to a similar but separate disease process, this study aimed to quantify the changes in sinonasal quality of life for children with chronic nasal congestion after outfracture of inferior turbinates and concomitant submucous microdebrider IT.
Methods
We performed a review of medical records for data acquisition on a case series with planned data collection on 43 consecutive children who underwent both IT and outfracture IT be- All patients with more than a 3-month history of reported daily nasal congestion with or without rhinorrhea despite use of daily medications for allergic rhinitis were eligible for inclusion. Patients were excluded if they had a history of turbinate reduction procedures or if turbinate reduction procedures were planned in conjunction with other nasal procedures, including adenoidectomy and/or septoplasty. All
Key Points
Question What is the effect on quality of life in children with chronic nasal congestion who undergo outfracture and submucous microdebrider inferior turbinectomy?
Findings This case series of 43 children with chronic nasal congestion found that, at long-term and short-term follow-up, patients who underwent outfracture and submucous microdebrider inferior turbinectomy reported a decrease in symptoms, demonstrated by scores on the Sinus and Nasal Quality of Life Survey, decreased use of medication, and improvement in quality of life.
Meaning Concomitant outfracture and submucous microdebrider inferior turbinectomy improves quality of life in children with chronic nasal congestion and can reduce use of daily medication. patients underwent outpatient outfracture of inferior turbinates and IT by the same surgeon using the same technique.
Sinus and Nasal Quality of Life Survey and Quality-of-Life Survey
The Sinus and Nasal Quality of Life Survey (SN-5) is a validated and reliable assessment of quality of life for children with persistent sinonasal symptoms. 7 When the survey is administered to the same patient over time, the score has been proven to correlate with direct estimates of clinical change. All parents or primary caretakers were asked to complete the SN-5 and a separate quality-of-life survey, administered together, during the initial office visit (baseline) and again at the follow-up visit 4 to 6 weeks after the procedure (mean, 5.6 weeks; median, 4 weeks; range, 4-8 weeks). At the postoperative visit, caretakers were also asked about the presence and severity of symptoms of nasal congestion, "stuffiness," rhinorrhea, and snoring, as well as about medication use. Long-term follow-up, including online SN-5 and quality-of-life assessments, was performed 1 to 2 years after the procedure (mean, 1.5 years; median, 1.6 years; range, 0.5-2.2 years).
For each domain of the SN-5, the question was, "How often has there been a problem for your child during the past 4 weeks for the specific symptom?" The scores range from 0 to 7, with 0 corresponding to the answer "none of the time" and 7 to the answer "all of the time" for each question. Higher numerical scores indicate worse problems. In the overall quality-of-life survey, quality of life is determined by the primary caretaker's answer to the question: "How would you rate your child's quality of life as a result of nose or sinus problem?" A face and numerical rating scale corresponds to various levels of quality of life as associated with the sinonasal symptoms. On the scale, 0 represents the worst possible quality of life and 10 represents the best possible quality of life.
Surgical Procedures
After patients were administered general anesthesia and underwent endotracheal intubation but before any intervention, photographic documentation was obtained of each side of the relationship between the head of the inferior turbinate and septum. Attention was directed to the right side first. Approximately 1 mL of bupivacaine, 0.25%, with epinephrine in a 1:200 000 ratio was injected in the head of the inferior turbinates. Then, a 2-mm pediatric microdebrider turbinoplasty blade (Medtronic) was used to make a single puncture into the submucosal space. Inferior turbinoplasty was performed with the blade gently removing vascular stromal tissue in the anterior half of the length of the inferior turbinate. Care was taken not to cause any perforations along the mucosal flap and to stay medial to the inferior turbinate bone. The turbinoplasty blade was then removed. Next, a long nasal speculum was introduced into the nasal passage, with blades parallel to the length of the inferior turbinate. Outfracture was performed by opening the speculum and gently and manually using the blade to lateralize each inferior turbinate, keeping the speculum in the open position. Once outfracture was completed, 2 long, cotton pledgets soaked with oxymetazoline were placed along the nasal passage between the septum and inferior turbinate and left in place for 1 to 2 minutes to achieve hemostasis. These steps were repeated for the left side. Photographs were taken to document the new relationship between the inferior turbinate head and septum (Figure) . Rolled-up Telfa pad (Covidien) coated with bacitracin ointment was then placed between the inferior turbinate and septum to minimize bleeding and was removed just before the patient was extubated. 
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After the procedure, patients were instructed to apply antibiotic ointment to the anterior nares 2 or 3 times daily for 3 to 5 days and were restricted to light activity on the day of surgery.
Statistical Analysis
Data were collected in Excel (Microsoft Corp). Statistical analysis was performed with SPSS, version 21 (SPSS Inc). Demographics and other categorical variables were summarized by frequencies and percentages. Quantitative variables were summarized by medians. Paired 2-sample t tests were performed to analyze the difference between SN-5 and quality-of-life scores before and after the procedure. Comparisons of 2 unpaired proportions were performed to explore changes in proportions of patients with subjective symptoms and use of medication before and after the procedure.
Results
Forty-three consecutive patients (14 girls and 29 boys; mean age, 11.2 years; median age, 10.7 years; range, 4.8-17.6 years) underwent the described procedures. The changes in proportions of subjectively reported symptoms and use of medication from before the procedure to 1 to 2 months after the procedure are shown in 30%] ). At the 1-to 2-month follow-up visit, 1 patient (2%) reported persistent nasal congestion, 1 patient (2%) reported persistent rhinorrhea, and 1 patient (2%) reported persistent snoring. Only 2 patients (5%) still used daily INS, and only 1 patient (2%) was taking an oral antihistamine. All patients stopped taking leukotriene receptor antagonists after the procedure. The decrease in proportions for subjectively reported symptoms between preoperative and postoperative visits was significant for nasal congestion (absolute reduction, 93%; 95% CI, 85%-100%), rhinorrhea (absolute reduction, 42%; 95% CI, 27%-57%), and snoring (absolute reduction, 75%; 95% CI, 62%-88%). The decrease in proportions for subjectively reported use of medication between the preoperative and postoperative visits was significant for INS (absolute reduction, 50%; 95% CI, 39%-71%), oral antihistamines (absolute reduction, 61%; 95% CI, 46%-75%), and leukotriene receptor antagonists (absolute reduction, 31%; 95% CI, 16%-44%). History and reported results of prior allergy testing are shown in Table 2 . Twenty patients (47%) had previously undergone formal allergy testing, with 12 of those tested (60%) reporting skin testing and 4 (20%) reporting IgE blood testing; 4 parents (20%) were unable to recall which specific form of testing their child underwent. Positive test results were reported in the categories of dust mites (4 [20%]), grass or pollen (10 [50%]), mold (2 [10%]), food (6 [30%]), and animals (6 [30%]). Six of the patients who underwent testing (30%) had uniformly negative results despite reported daily experience of persistent nasal congestion or obstruction.
There were significant improvements (reduction in SN-5 domain scores) for all domains as well as an increase in the overall quality-of-life score at 1 to 2 months after the procedure compared with baseline (sinus infection, -2.55; 95% CI, 1.85-3.26; nasal obstruction, -3.51; 95% CI, 2.88-4.14; allergy symptoms, -2.14; 95% CI, 1.43-2.86; emotional distress, -2.37; 95% CI, 1.68-3.06; activity limitation, -1.70; 95% CI, 1.14-2.25; and overall quality of life, 3.72; 95% CI, 2.95-4.48) ( Table 3) . 8 Long-term follow-up was available for 23 patients, who remained representative of the overall group's baseline SN-5 and quality-of-life scores and demographics ( Table 4) . 8 The remaining patients were unavailable for follow-up. Statistically significant improvements were maintained in all domains of the SN-5 and overall quality-of-life surveys, as shown by scores at 1 to 2 years after the procedure (sinus infection, - 
Discussion
Surgical IT with concurrent outfracture improves quality of life in children with chronic nasal congestion who have persistent symptoms despite daily use of medications, regardless of test-proven sensitivity to aeroallergens. Patients who presented to our clinic for persistent nasal obstruction were identified to have less than optimal anatomical position of the inferior turbinate relative to the septum, concomitant excessive hypertrophy of inferior turbinate mucosa, or both. For those who have a reported history of test-proven atopy, routine daily medications (including INS, oral antihistamines, and leukotriene receptor antagonists) were insufficient to eliminate persistent symptoms. Consistently, one of us (J.L.W.) observed insufficient space between the medial aspect of the inferior turbinate relative to the position of the septum. Most of these patients had been prescribed daily INS, oral antihistamines, or leukotriene receptor antagonists. They were often being empirically treated for presumed allergic rhinitis, even when results of testing showed no signs of atopy and patients reported no symptoms of hay fever. We found that once the patients and parents or caretakers perceived no further symptoms and the patients had satisfactory nasal breathing, they chose to stop taking daily medications. Elimination of INS reduces the potential of adverse effects, such as burning, nosebleeds, and nasal perforations. 9 In addition, reducing use of medications decreases costs for families and the health care system in general.
We found consistent improvement in patients' overall quality of life. In every domain assessed by the SN-5 survey, significant decreases in the frequency of reported symptoms were observed 1 to 2 months after the procedure. Every domain of the SN-5 survey showed large changes postoperatively, represented by a shift in scores of 1.5 or greater. 8 At long-term follow-up (1-2 years after the procedure), improvement persisted in all categories of the SN-5 survey and in overall quality of life. Nasal obstruction, emotional distress, and overall quality of life continued to demonstrate large changes. Both patients and parents reported significant reduction of nasal symptoms, including congestion, rhinorrhea, and snoring. There were no reported adverse events in this study. To our knowledge, there is no uniform standardized scoring or reporting system to grade inferior turbinate hypertrophy for IT. 10 No clinical studies have shown supremacy for one surgical technique vs another, so technique is chosen based on the surgeon's clinical judgment and training. 3 Our patients underwent outfracture of inferior turbinates at the same time as IT, as the surgeon in our study perceives the most definitive improvement when performing both procedures concurrently. There are many techniques described for turbinate reduction, including partial or total turbinectomy, turbinoplasty, electrocautery, cryotherapy, laser cautery, submucosal resection, submucosal resection with lateral displacement, radiofrequency-assisted turbinoplasty, microdebrider-assisted turbinoplasty, and ultrasound turbinate reduction. In the pediatric population, one of us (J.L.W.) chose the minimally invasive, nonobliterative, and submucosal technique to preserve mucociliary function. Both outfracture and turbinoplasty were performed at the same time; we did not aim to compare the 2 techniques separately. In our experience, both techniques are required to improve definitive laminar airflow, even when inferior turbinate hypertrophy is not severe.
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Physiological and temporal variability make the development of objective assessments or measurements of the degree of inferior turbinate hypertrophy difficult. The human nasal cycle and variability in hypertrophy of the submucosal capacitance tissue can depend on time of day, season, concomitant allergic rhinitis, reflux, and other potential causes of excessive nasal turbinate mucosal congestion. This difference may be owing to venous congestion, allergic rhinitis, anatomical abnormalities in the bony structure or position of the turbinates, or a combination of these factors. It is unclear why children experience frequent and persistent nasal congestion and have inferior turbinate hypertrophy, especially children who do not have positive test results for allergies. Inferior turbinoplasty and outfracture are 2 relatively easy procedures with minimal risks and positive results in symptom relief. 12 
Limitations
Our study has several limitations. This is a case series with planned data collection, the sample size was small, and the roles of various conditions that could affect nasal inflammation, such as allergic rhinitis and rare conditions such as cystic fibrosis, ciliary dyskinesia, or other types of immunodeficiency disorders, were unclear. In addition, our smaller sample size limited subgroup analysis. We did not find significant differences between patients with positive results of allergy testing and those with negative results; however, future studies separating these patients into 2 separate cohorts would be in- formative in determining if IT with concomitant oufracture of inferior turbinates is efficacious for both groups. Another limitation is the lack of current objective measurement for nasal airway patency other than inferior turbinate hypertrophy on physical examination. Rhinomanometry or other methods of quantifying airflow and nasal airway patency would further validate our findings. One final limitation is the fact that the primary caretakers completed the quality-of-life surveys, as our patients are children. Future research may consider a randomized trial comparing SN-5 scores and patientreported outcomes for IT alone vs IT with outfracture of inferior turbinates.
Conclusions
Inferior turbinoplasty with concomitant outfracture of inferior turbinates improves the sinonasal quality of life in children who report chronic nasal obstruction regardless of whether the patient has a history of atopy. 
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